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(54) Vehicle spacing control system 

(57) When a selected vehicle-to-vehicle time gap 
(To) is changed from a first level to a second level with 
a selector switch (5; 5A), a controller (11) determines a 
desired time gap (T*) or spatial gap so that the desired 
gap varies from the first level to the second level at such 
a gradual rate as to prevent an abrupt change in the ve- 



hicle speed. The controller (1 1 ) determines a desired ve- 
hicle spacing (L*) from the controlled vehicle to a pre- 
ceding vehicle in accordance with the desired time gap 
(T*) and a sensed vehicle speed (V), and controls the 
driving or braking force so as to bring the actual vehicle 
spacing (L) closer to the desired vehicle spacing (L*). 
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Description 

[0001] The present invention pertains to technique for 
controlling a headway vehicle spacing (or vehicle-to-ve- 
hicle distance) to a preceding vehicle to a desired vehi- 
cle spacing. 

[0002] Japanese Patent Kokai Publication H11 
(1 999J-42957 published on February 16, 1 999, disclos- 
es a system for sensing a vehicle spacing to a preceding 
vehicle with a laser radar, and controlling the engine out- 
put and transmission ratio so as to reduce a deviation 
of a vehicle-to-vehicle time gap, calculated from the 
sensed vehicle spacing and vehicle speed, from a de- 
sired time gap preset with a selector switch. 
[0003] In this system, the desired time gap is changed 
with the selector switch, and a step change in the de- 
sired time gap can cause unwanted and uncomfortable 
acceleration or deceleration of the vehicle. 
[0004] It is an object of the present invention to pro- 
vide apparatus and/or method capable of changing ve- 
hicle-to-vehicle time gap or spacing smoothly. 
[0005] According to the prevent invention, a vehicle 
spacing control apparatus comprises: 

a vehicle spacing sensor sensing an actual vehicle 
spacing; 

a vehicle speed sensor sensing an actual vehicle 
speed; 

a selector changing a selected vehicle-to-vehicle 
time gap among a plurality of discrete values; and 
a controller 

determining a desired vehicle-to-vehicle time gap 
so that the selected time gap varies at a predeter- 
mined rate in response to a change in the selected 
time gap, 

determining a desired vehicle spacing in accord- 
ance with the desired time gap and the actual vehi- 
cle speed, and 

controlling at least one of a driving force and a brak- 
ing force of a controlled vehicle so as to bring the 
actual vehicle spacing closer to the desired vehicle 
spacing. 

[0006] According to another aspect of the present in- 
vention, a vehicle spacing control apparatus comprises: 
a vehicle interval sensor, such as a vehicle spacing sen- 
sor, for measuring a spatial or temporal interval from a 
controlled vehicle to a preceding vehicle ahead; a se- 
lector, such as a selector switch, changing a selected 
vehicle-to-vehicle interval among a plurality of discrete 
values; and a controller determining a desired vehicle- 
to-vehicle interval so that the desired vehicle-to-vehicle 
interval varies at a predetermined rate when the select- 
ed interval is changed, and controlling a longitudinal 
force of a controlled vehicle so as to bring the actual 
vehicle-to-vehicle interval closer to the desired vehicle- 
to-vehicle interval. 

[0007] According to still another aspect of the present 



invention, a vehicle spacing control process comprises: 
ascertaining a sensed actual vehicle-to-vehicle interval 
from a controlled vehicle to a preceding vehicle; ascer- 
taining a selected vehicle-to-vehicle interval selected 
s among a plurality of discrete values; determining a de- 
sired vehicle-to-vehicle interval so that the desired ve- 
hicle-to-vehicle interval varies at a predetermined rate 
when the selected interval is changed; and controlling 
a longitudinal force of a controlled vehicle so as to bring 
10 the actual vehicle-to-vehicle interval closer to the de- 
sired vehicle-to-vehicle interval. 
[0008] According to still another aspect of the present 
invention, a vehicle spacing control apparatus compris- 
es: first means for ascertaining a sensed actual vehicle- 
's to-vehicle interval from a controlled vehicle to a preced- 
ing vehicle; second means for ascertaining a change 
from a first select position to a second select position in 
a selector for determining a selected vehicle-to-vehicle 
interval ; third means for responding to the change from 
20 the first select position to the second select position in 
the selector by varying a desired vehicle-to-vehicle in- 
terval at a predetermined rate from a first select value 
corresponding to the first select position to a second se- 
lect value corresponding to the second select position; 
25 and fourth means for controlling a longitudinal force of 
a controlled vehicle so as to bring the actual vehicle-1o- 
vehicle interval closer to the desired vehicle-to-vehicle 
interval. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Fig. 1 is a schematic view showing a vehicle 
spacing control system according to a first embodiment 
of the present invention. 

35 [0010] Fig. 2 is a block diagram showing sections in 
a controller in the control system of Fig. 1 . 
[0011] Fig. 3 is a graph for showing variation of a de- 
sired time gap T* responsive to changes in a selected 
time gap To in a first example according to the first em- 

40 bodiment. 

[0012] Fig. 4 is a graph showing a relationship of a 
desired vehicle spacing L* with respect to the desired 
time gap T* and a vehicle speed V, used in the control 
system of Fig. 1 . 

45 [0013] Fig. 5 is a graph for showing the desired time 
gap T* varying in response to changes in the selected 
time gap To in a second example according to the first 
embodiment. 

[0014] Fig. 6 is a graph for showing the desired time 
so gap T* varying in response to changes in the selected 
time gap To in a third example according to the first em- 
bodiment. 

[0015] Fig. 7 is a schematic view showing a vehicle 
spacing control system according to a second embodi- 
55 ment of the present invention. 

[0016] Fig. B is a block diagram showing sections in 

a controller in the control system of Fig. 7. 

[0017] Fig. 9 is a graph showing a relationship for de- 
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termining a vehicle spacing Lo in accordance with a se- 
lect position of a selector switch and the vehicle speed 
V, used in the control system of Fig. 7. 
[0018] Fig. 10 is a graph for showing variation of a 
desired vehicle spacing L* responsive to changes in the 
select position of a vehicle spacing select switch in a 
first example according to the second embodiment. 
[001 9] Fig. 1 1 is a graph for showing the desired ve- 
hicle spacing L* varying in response to changes in the 
select position of the vehicle spacing select switch in a 
second example according to the second embodiment. 
[0020] Fig. 1 2 is a graph for showing the desired ve- 
hicle spacing L* varying in response to changes in the 
select position of the vehicle spacing select switch in a 
third example according to the second embodiment. 

DETAILED DESCRIPTION 

[0021] Fig. 1 shows a vehicle spacing control system 
according to a first embodiment of the present invention. 
A vehicle equipped with this control system is referred 
to as a controlled vehicle hereinafter. 
[0022] A vehicle spacing sensor 1 is a device for sens- 
ing a vehicle spacing (or vehicle-to-vehicle distance or 
separation) L [m] between the controlled vehicle (or sub- 
ject vehicle) and a preceding vehicle ahead. In this ex- 
ample, the vehicle spacing sensor 1 measures the ve- 
hicle spacing L by scanning a laser beam left and right 
ahead and receiving a beam reflected from a preceding 
vehicle ahead. Instead of the laser light, radio frequency 
waves and ultrasonic waves are adequate for use in the 
system for distance measurement. 
[0023] A vehicle speed sensor 2 is arranged to sense 
the rotation of the output shaft of a transmission and to 
produce a vehicle speed signal in the form of a pulse 
signal having a period corresponding to the rational 
speed of the output shaft. A vehicle speed (running 
speed or velocity) V of the controlled vehicle is deter- 
mined by measuring the period or the number of pulses 
of the vehicle speed pulse signal. 
[0024] A throttle sensor 3 senses a throttle opening 9 
which is an opening degree of a throttle valve for an en- 
gine of the controlled vehicle. 
[0025] A brake pressure sensor 4 senses a brake fluid 
pressure P of a brake system of the controlled vehicle. 
[0026] A vehicle interval select switch of this example 
is a time gap select switch 5. The time gap select switch 
5 is a switch for varying a preset (selected) vehicle-to- 
vehicle time gap To stepwise. By each pressing opera- 
tion, the selected time gap To is changed in a cyclic order 
of FAR (2.4 s) -» MEDIUM (2.0 s) -> NEAR (1.8 s) -> 
FAR (2.4 s). As detailed later, a desired vehicle spacing 
L* is determined in accordance with the time gap To pre- 
set with the select switch 5 and the vehicle speed V. Ac- 
cordingly, the values of the time gap To are denoted as 
FAR , MEDIUM, and NEAR to facilitate intuitive recog- 
nition in association with the desired vehicle spacing L*. 
[0027] A main switch 6 is a switch for supplying power 



to a controller 11 and other components of the vehicle 
spacing control system, to set the system in a standby 
state ready for vehicle spacing control and vehicle 
speed control. 

5 [0028] A set/coast switch 7 is a switch to start the ve- 
hicle spacing control and the vehicle speed control, and 
to set and increase a desired vehicle speed V*. 
[0029] A resume/accelerate switch 8 is a switch to 
resume the spacing control and speed control and to 

10 decrease the desired vehicle speed V*. 

[0030] A cancel switch 9 is a switch to cancel the 
spacing control and speed control. 
[0031] A brake switch 10 is a switch for sensing de- 
pression of a brake pedal. When the brake pedal is de- 

is pressed, the brake switch 1 0 produces a signal to cancel 
the spacing control and speed control, like the cancel 
switch 9. 

[0032] The controller 11 has therein a CPU 11a, a 
memory 11b, and other peripherals, and performs the 

20 vehicle spacing control and the vehicle speed control by 
controlling a throttle actuator 13, a brake actuator 14, 
and a transmission actuator 15. 
[0033] The throttle actuator 1 3 of this example has a 
vacuum pump, a vent valve, and a safety valve, and reg- 

25 ulates the throttle opening 6 of the throttle valve by driv- 
ing the pump motor and valve solenoid to control engine 
torque or driving force of the controlled vehicle. 
[0034] The brake actuator 14 of this example has a 
negative pressure type booster, and controls the braking 

30 force of the controlled vehicle by regulating the brake 
fluid pressure P in a brake system of the controlled ve- 
hicle. 

[0035] The transmission actuator 1 5 varies the speed 
ratio (or gear ratio) r of the transmission of the controlled 

35 vehicle. The transmission may be a step transmission 
having a predetermined number of speeds, or a contin- 
uously variable transmission. 
[0036] Fig. 2 is a control block diagram showing the 
vehicle spacing control and the vehicle speed control 

40 according to the first embodiment of the present inven- 
tion. 

[0037] The CPU 11a of the controller 11 forms, in the 
form of software, a desired vehicle spacing generating 
section 21 , a vehicle spacing control section 22, a vehi- 
45 cle speed control section 23, a throttle control section 
24, a brake control section 25, and a transmission con- 
trol section 26. 

[0038] The desired vehicle spacing generating sec- 
tion 21 receives the selected time gap To preset with the 

50 time gap select switch 5 and the actual vehicle speed V 
sensed by the vehicle speed sensor 2, and determines 
the desired vehicle spacing L* in accordance with To and 
V. In this example, the desired vehicle spacing L* is de- 
termined by L* = To X V. The time gap select switch 5 

55 of this example is a three step control switch having only 
three discrete predetermined values { FAR (2.2 s), ME- 
DIUM (1.8 s), NEAR (1.4 s)}. Therefore, the desired 
spacing L* converted from To in accordance with V is 
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changed stepwise in stages, and changes like step 
changes in the desired spacing L* would cause unwant- 
ed acceleration or deceleration and deteriorate riding 
comfort when the time gap To is changed. To avoid this, 
the desired vehicle spacing generating section 21 in the 
control system according to this embodiment varies the 
desired vehicle spacing L* gently or gradually at a pre- 
determined rate with respect to stepwise changes in the 
time gap To. 

[0039] Fig. 3 shows a desired time gap T* varied in 
response to stepwise changes in the selected time gap 
To, as an example. 

[0040] In this example shown in Fig. 3,the preset time 
gap To is changed at an instant t1 from the FAR level to 
the MEDIUM level, at an instant t2 from the MEDIUM 
level to the NEAR level, at an instant t3 from the NEAR 
level to the FAR level, and at an instant t4 from the FAR 
level to the NEAR level. The desired time gap T* follows 
the thus-changed selected time gap To at a gentle rate. 
In this example, the time rate of change of the desired 
time gap T* is set equal to 0.6 sec/sec both in the in- 
creasing direction (to make longer the time gap To) and 
in the decreasing direction (to make shorterthe time gap 
To). 

[0041] The desired vehicle spacing generating sec- 
tion 21 determines the desired time gap T* varying gen- 
tly with respect to the time gap To changing in the form 
of a step change, and convert the desired time gap T*, 
varying with time, into the desired vehicle spacing L* 
corresponding to the vehicle speed V. 
[0042] Fig. 4 shows the desired vehicle spacing L* 
with respect to the desired time gap T* and the vehicle 
speed V. In this embodiment, the desired vehicle spac- 
ing generating section 21 determines a value of the de- 
sired vehicle spacing L*, corresponding to the desired 
time gap T* and the vehicle speed V, by table lookup 
from a preset desired vehicle spacing map as shown in 
Fig. 4. In the region where the vehicle speed V is equal 
to or higher than 80 km/h, the desired vehicle spacing 
L* is determined from the vehicle speed V and the de- 
sired time gap T* by the following equation. 

[Eq. 1] 

L* [m] = V [km/h] • T* [s] - 1000/3600 

In the region where the vehicle speed V is lower than 
80 km/h, the desired vehicle spacing map is so designed 
that the desired vehicle spacing L* is held at a predeter- 
mined level even when the vehicle speed V is equal to 
or close to zero. 

[0043] The vehicle spacing control section 22 calcu- 
lates a desired vehicle speed V* to bring the actual ve- 
hicle spacing L.sensed by the spacing sensor 1 , closer 
to the desired vehicle spacing L*. 
[0044] The vehicle speed control section 23 calcu- 
lates a desired throttle opening 6*, a desired brake fluid 
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pressure P*, and a desired speed ratio r* to bring the 
actual vehicle speed V, sensed by the vehicle speed 
sensor 2, closer to the desired vehicle speed V*. 
[0045] The throttle control section 24 controls the 
5 throttle actuator 13 to bring the actual throttle opening 
6, sensed by the throttle sensor 3, closer to the desired 
throttle opening 6*. 

[0046] The brake control section 25 controls the brake 
actuator 1 4 to bring the actual brake pressure P, sensed 
10 by the brake pressure sensor 4, closer to the desired 
brake pressure P*. 

[0047] The transmission control section 26 controls 
the transmission actuator 1 5 to set the actual speed ratio 
(or gear ratio) r of the transmission, equal to the desired 

is speed ratio r*. 

[0048] In this way, when the time gap To is changed 
like a step change, this control system determines a val- 
ue of the desired time gap T* so as to follow at the pre- 
determined speed, further determines a value of the de- 

20 sired vehicle spacing L* corresponding to the value of 
the desired time gap T* and a current value of the 
sensed actual vehicle speed V, and controls the driving 
force and braking force of the controlled vehicle so as 
to bring the sensed actual vehicle spacing L closer to 

25 the desired vehicle spacing L*. Therefore, this control 
system can prevent an abrupt change in the vehicle 
speed from being caused by a switching operation of 
the time gap To, and improve the ride. 
[0049] Fig. 5 shows a variation of the first embodi- 

30 rnent. In the preceding example shown in Fig. 3, the time 
rate of change of the desired time gap T* is set equal to 
a single common value of 0.6 s/s both in the increasing 
direction and the decreasing direction. In the example 
of Fig. 5, the time rate of change of the desired time gap 

35 T* is set equal to a first value in the decreasing direction 
(in the case of decreasing the time gap To) and set equal 
to a second value smaller than the first value in the in- 
creasing direction (in the case of increasing the time gap 
To). 

40 [0050] Fig. 5 shows the desired time gap T* varying 
in response to changes in the selected time gap To. 
[0051] In this example, the selected time gap To is 
changed at an instant til from FAR to MEDIUM, at an 
instant t12 from MEDIUM to NEAR, at an instant t13 

45 from NEAR to FAR, and at an instant t14 from FAR to 
NEAR. The desired time gap T* follows the thus- 
changed selected time gap To at a gentle rate. In the 
example of Fig. 5, the time rate of change of the desired 
time gap T* is set equal to a greater value in the de- 

50 creasing direction (when the time gap To and hence the 
vehicle spacing are to be decreased) so as to cause the 
controlled vehicle to rapidly approach a preceding vehi- 
cle, and to a smaller value in the increasing direction 
(when the time gap To and hence the vehicle spacing 

55 are to be increased) so as to increase the vehicle spac- 
ing gradually. 

[0052] When the vehicle spacing is decreased by de- 
creasing the time gap, the use of the greater value for 
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the time rate of change of the desired time gap T* caus- 
es the acceleration to become greater in the case of a 
switching operation to change To. However, the vehicle 
speed control section 23 limits the acceleration to a pre- 
determined maximum acceleration amax which, in this 
example, is equal to 0.06 G. Thus, the acceleration is 
held equal to or lower than 0.06 G. In this case, the con- 
trol operation to decrease the time gap and the vehicle 
spacing with a greater acceleration increased to a non- 
excessive extent is agreeable and conformable to driv- 
er's intention and expectation. 
[0053] When, on the other hand, the vehicle spacing 
to a preceding vehicle is increased by increasing the 
time gap, an increase in the time rate of change of the 
desired time gap T* would provide unnatural feeling to 
passengers with a larger deceleration. Therefore, this 
control system acts to decelerate the vehicle gradually 
and increase the vehicle spacing gradually. 
[0054] Fig. 6 shows another variation of the first em- 
bodiment. In the case of a change of the time gap To 
from FAR to NEAR in a single step, the time rate of 
change of the desired time gap T* may be further in- 
creased in the middle of a transition. 
[0055] Fig. 6 shows the desired time gap T* varying 
in response to a change in the selected time gap To. 
[0056] In the example of Fig. 6, the time gap To is 
switched at once from FAR to NEAR at an instant t21 . 
In the transition from FAR to NEAR, the time rate of 
change of the desired time gap T* is set equal to a first 
value during a first period from FAR to MEDIUM (t21 ~ 
t22), and set equal to a second value greater than the 
first value during a second period from MEDIUM to 
NEAR (122 ~ t23). 

[0057] The change in the slope of the desired time gap 
T* at the halfway point t22 acts to increase the acceler- 
ation. However, the vehicle speed control section 23 lim- 
its the acceleration to the maximum level of 0.06 G. 
Thus, the control system in the example of Fig. 6 can 
meet driver's expectation of reducing the vehicle spac- 
ing promptly, and at the same time prevent unwanted 
acceleration which would be caused if the rate of change 
of T* were changed to a greater value at the instant t21 
immediately when To is changed from FAR to NEAR. 
[0058] Fig. 7 shows a vehicle spacing control system 
according to a second embodiment of the present in- 
vention. In the first embodiment, the select switch 5 is 
arranged to select a level of the time interval or time gap 
To. In the second embodiment, the interval selected is 
a spatial interval or vehicle spacing. The control system 
of Fig. 7 is almost the same as the system of Fig. 1 . The 
different points are as follows. 
[0059] A vehicle spacing select switch 5A is a switch 
for changing a selected vehicle spacing (or vehicle-to- 
vehicle distance) stepwise. By each pressing operation, 
the vehicle spacing is changed in a cyclic order of FAR 
-» MEDIUM -» NEAR -> FAR . 
[0060] Fig. 8 shows part of the vehicle spacing control 
and vehicle speed control in the form of a block diagram. 



Fig. 8 shows only the different points from the block di- 
agram of Fig. 2. 

[0061] The CPU 11a of the controller 11 forms, in the 
form of software, a vehicle spacing modifying section 

s 31 , a desired vehicle spacing generating section 21 A, a 
vehicle spacing control section 22, a vehicle speed con- 
trol section 23, a throttle control section 24, a brake con- 
trol section 25, and a transmission control section 26. 
[0062] The vehicle spacing modifying section 31 de- 

10 termines a modified vehicle spacing Lo by modifying the 
vehicle spacing L selected by the vehicle spacing select 
switch 5A, with the actual vehicle speed V sensed by 
the vehicle speed sensor 2. The levels of the vehicle 
spacing corresponding to FAR, MEDIUM.and NEAR are 

15 determined on the basis of a predetermined reference 
vehicle speed which, in this example, is 120 km/h. 
[0063] It is optional to omit the modification with the 
vehicle speed V. In this case, the vehicle spacing mod- 
ifying section 31 is not needed. 

20 [0064] Fig. 9 shows the vehicle spacing Lo modified 
with the vehicle speed V, for each of FAR, MEDIUM.and 
NEAR. 

[0065] In this example, the modified vehicle spacing 
Lo is determined in accordance with the selected level 

25 of FAR, MEDIUM.and NEAR of the vehicle spacing and 
the vehicle speed V, by table look-up from a preset ve- 
hicle spacing modifying map as shown in Fig. 9. This 
map is determined by using a vehicle spacing at a ve- 
hicle speed of 80 km/h as a reference. At 80 km/h (V= 

30 80km/h), the time gap is 2.2 s and the vehicle spacing 
Lo is equal to 50 m in the case of FAR. In MEDIUM, the 
time gap is set equal to 1 .8 s, and Lo = 40 m. In NEAR, 
the time gap is 1.4 s, and Lo = 30 m. As shown in Fig. 
9, the vehicle spacing Lo is sufficiently greater than zero 

35 so as to ensure a sufficient vehicle spacing even in the 
vicinity of the point where the vehicle speed V is equal 
to zero (V=0). In the example of Fig. 9 (like the charac- 
teristic in the example of Fig. 4), the vehicle spacing Lo 
is decreased monotonically and smoothly with decrease 

40 in the vehicle speed V. The rate of decrease of the ve- 
hicle spacing Lo with respect to V is lowered in a low 
vehicle speed region. 

[0066] The desired vehicle spacing generating sec- 
tion 21 A determines the desired vehicle spacing L* from 

45 the modified vehicle spacing Lo by varying the modified 
vehicle spacing at a predetermined rate. Thus, the de- 
sired vehicle spacing L* follows the modified vehicle 
spacing Lo at a predetermined rate. The vehicle spacing 
select switch 5A of this example has only three select 

so positions or states for FAR, MEDIUM, and NEAR. 
Therefore, the modified vehicle spacing Lo is changed 
in the form of a step change, which would cause unde- 
sirable steep increase or decrease in the vehicle speed. 
In the control system of this example, therefore, the de- 

55 sired vehicle spacing generating section 21 A deter- 
mines the desired vehicle spacing L* varying at a gentle 
rate in response to the vehicle spacing Lo changing in 
stages. 
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[0067] Fig. 10 shows the desired vehicle spacing L* 
varying in response to step changes in the modified ve- 
hicle spacing Lo. 

[0068] In this example shown in Fig. 10, the vehicle 
spacing L is changed at an instant tl from FAR to MEDI- 
UM, at an instant t2 from MEDIUM to NEAR, at an in- 
stant t3 from NEAR to FAR, and at an instant t4 from 
FAR to NEAR. The desired vehicle spacing L* follows 
the thus-changed spacing L at a gentle rate. In this ex- 
ample, the rate of change of the desired vehicle spacing 
L* is set equal to a single common value both in the in- 
creasing direction (to make longer the vehicle spacing) 
and in the decreasing direction (to make shorter the ve- 
hicle spacing). 

[0069] The desired vehicle spacing L* is supplied from 
the desired spacing generating section 21 A to the vehi- 
cle spacing control section 22 as shown in Fig. 2. The 
vehicle speed control section 23, the throttle control sec- 
tion 24, the brake control section 25, and the transmis- 
sion control section 26 function in the same manner as 
in the system of Fig. 2. 

[0070] In this way, when the vehicle spacing is 
changed like a step change, this control system deter- 
mines a value of the desired vehicle spacing so as to 
follow at the predetermined speed, and controls the driv- 
ing force and braking force of the controlled vehicle so 
as to bring the sensed actual vehicle spacing L closer 
to the desired vehicle spacing L*. Therefore, this control 
system can prevent an abrupt change in the vehicle 
speed from being caused by a switching operation of 
the vehicle spacing, and improve the ride. 
[0071 ] Fig. 1 1 shows a variation of the second embod- 
iment. In the preceding example shown in Fig. 10, the 
time rate of change of the desired vehicle spacing L* is 
set equal to a single common value both in the increas- 
ing direction and the decreasing direction. In the exam- 
ple of Fig. 1 1 , the time rate of change of the desired ve- 
hicle spacing L* is set equal to a greater value in the 
decreasing direction (in the case of decreasing the ve- 
hicle spacing), and set equal to a smaller value, smaller 
than the greater value, in the increasing direction (in the 
case of increasing the vehicle spacing). 
[0072] Fig. 11 shows the desired vehicle spacing L* 
varying in response to changes in the vehicle spacing. 
[0073] In this example, the vehicle spacing is changed 
at an instant til from FAR to MEDIUM, at an instant t12 
from MEDIUM to NEAR, at an instant t1 3 from NEAR to 
FAR, and at an instant t1 4 from FAR to NEAR. The de- 
sired vehicle spacing L* follows the thus-changed vehi- 
cle spacing at relatively gradual rates. In the example of 
Fig. 11, the time rate of change of the desired vehicle 
spacing L* is increased in the case of the decreasing 
direction (when the vehicle spacing is to be decreased) 
so as to cause the controlled vehicle to rapidly approach 
a preceding vehicle, and decreased in the case of the 
increasing direction (when the vehicle spacing is to be 
increased) so as to increase the vehicle spacing grad- 
ually. 



[0074] When the vehicle spacing is decreased, the 
use of the greater value for the time rate of change of 
the desired vehicle spacing L* causes the acceleration 
to become greater in the case of a switching operation. 

5 However, the vehicle speed control section 23 limits the 
acceleration to a predetermined maximum acceleration 
otmax of 0.06 G. In this case, the control operation to 
decrease the vehicle spacing with a greater acceleration 
is agreeable and conformable to driver's intention and 

10 expectation. 

[0075] When, on the other hand, the vehicle spacing 
to a preceding vehicle is increased, an increase in the 
time rate of change of the vehicle spacing L* would pro- 
vide unnatural feeling to passengers with a greater de- 

15 celeration. Therefore, this control system acts to decel- 
erate the vehicle gradually and increase the vehicle 
spacing gradually. 

[0076] Fig. 12 shows another variation of the second 
embodiment. In the case of a change of the vehicle 

20 spacing from FAR to NEAR in a single step, the time 
rate of change of the desired vehicle spacing L* may be 
further increased in the middle of a transition. 
[0077] Fig. 12 shows the desired vehicle spacing L* 
varying in response to a change from FAR to NEAR. 

25 [0078] In the example of Fig. 12, the vehicle spacing 
is switched at once from FAR to NEAR at an instant t21 . 
In the transition from FAR to NEAR, the time rate of 
change of the vehicle spacing L* is set equal to a first 
value during a first period from FAR to MEDIUM (t21 ~ 

30 t22), and set equal to a second value greater than the 
first value during a second period from MEDIUM to 
NEAR (t22~ 123). 

[0079] The change in the slope of the desired vehicle 
spacing L* at the halfway point 122 acts to increase the 

as acceleration. However, the vehicle speed control sec- 
tion 23 limits the acceleration to the maximum level of 
0.06 G. Thus, the control system in the example of Fig. 
1 2 can meet driver's expectation of reducing the vehicle 
spacing promptly, and at the same time prevent unwant- 

^o ed acceleration which would be caused if the rate of 
change of L* were changed to a greater value at the in- 
stant t21 immediately after the switching operation from 
FAR to NEAR. 

[0080] The select switch 5 or 5A may be a collection 
45 of three distinct switches for FAR, MEDIUM.and NEAR. 
The number of select positions or select states of the 
select switch 5 or 5A is three (FAR, MEDIUM, and 
NEAR) in the preceding example. However, the number 
of select positions is not limited to three. The number of 
50 select positions may be 2 or equal to or greater than 4. 
The above-mentioned numerical values for the time gap 
of the time gap select switch 5 and the time spacing of 
the vehicle spacing select switch 5A are not restrictive. 
The present invention is not limited to these numerical 
55 values. 

[0081] It is possible to omit the control of the braking 
force with the brake actuator 14. In this case, the control 
system may be arranged to produce the braking force 
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only with engine braking without resorting to the brake 
system, or may be arranged to produce engine braking 
by changing the speed ratio r with the transmission ac- 
tuator 15. 

[0082] This application is based on a prior Japanese 
Patent Application No. H11(1999)-1 76896. The entire 
contents of this Japanese Patent Application No. H11 
(1999)-1 76896 with a filing date of June 23, 1999 in Ja- 
pan are hereby incorporated by reference. 
[0083] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occurto those skilled 
in the art in light of the above teachings. The scope of 
the invention is defined with reference to the following 
claims. 



1 . A vehicle spacing control apparatus comprising: 

a vehicle spacing sensor (1); 
a vehicle speed sensor (2); 25 
a selector (5) changing a selected vehicle-to- 
vehicle time gap (To) among a plurality of dis- 
crete values; and 

a controller (11) performing the following func- 
tions: 30 

determining a desired vehicle-to-vehicle 
time gap (T*) so that the desired time gap 
varies at a predetermined rate in response 
tu a change in the selected time gap (To), 35 
determining a desired vehicle spacing (L*) 
in accordance with the desired time gap 
(T*) and the vehicle speed (V),and 
controlling at least one of a driving force 
and a braking force so as to bring the ve- 40 
hide spacing (L) closer to the desired ve- 
hicle spacing (L*). 

2. Vehicle spacing control apparatus as claimed in 
claim 1 , wherein the controller (11 ) determines the *s 
desired time gap (T*) so that the time rate of change 

of the desired time gap is higher when it is to be 
decreased than when it is to be increased. 

3. Vehicle spacing control apparatus as claimed in so 
claim 1 , wherein, when the desired time gap (T*) is 
decreased from a higher value to a lower value, the 
controller (11) changes the time rate of change of 
the desired time gap midway during the transition 
from the higher value to the lower value. ss 

4. Vehicle spacing control apparatus as claimed in 
claim 1 , wherein the controller (11 ) has a predeter- 



mined map for determining the desired vehicle 
spacing (L*) from the desired time gap (T*) and the 
vehicle speed (V), and determines a value of the 
desired vehicle spacing corresponding to values of 
the desired time gap and the actual vehicle speed 
by look up from the map. 

5. Vehicle spacing control apparatus comprising: 

a vehicle interval sensor sensing an actual ve- 
hicle-to-vehicle interval from a controlled vehi- 
cle to a preceding vehicle; 
a selector (5; 5A) changing a selected vehicle- 
to-vehicle interval among a plurality of discrete 
values; and 

a controller (1 ) performing the following func- 
tions: 

determining a desired vehicle-to-vehicle 
interval (T*; L*) so that the desired interval 
varies at a predetermined rate when the 
selected interval is changed, and 
controlling a longitudinal force acting on 
the controlled vehicle so as to bring the ac- 
tual interval closer to the desired interval 
(T*; L*). 

6. Vehicle spacing control apparatus as claimed in 
claim 5, wherein the controller (11) determines a 
modified vehicle-to-vehicle interval so that, when 
the selected interval is changed from a first interval 
value to a second interval value, the modified inter- 
val varies at a predetermined time rate of change 
from the first interval value to the second interval 
value, and wherein the controller (11 ) further deter- 
mines the desired interval from the modified inter- 



Vehicle spacing control apparatus as claimed in 
claim 6, wherein the time rate of change of the mod- 
ified interval is set equal to a predetermined con- 
stant rate value both when the selected interval is 
decreased and when the selected interval is in- 



Vehicle spacing control apparatus as claimed in 
claim 6, wherein the time rate of change of the mod- 
ified interval is set equal to a higher rate value when 
the selected interval is decreased and set equal to 
a lower rate value, smaller than the higher rate val- 
ue, when the selected interval is increased. 

Vehicle spacing control apparatus as claimed in 
claim 6, wherein , when the selected interval is 
changed from a greater interval value to a smaller 
interval value, smaller than the greater interval val- 
ue, the time rate of change of the modified interval 
is set equal to a smaller rate value during a first pe- 
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riod from a first instant, at which the selected inter- 
val is changed from the greater interval value to the 
smaller interval value, to a second instant, and set 
equal to a greater rate value, greater than the small- 
er rate value, during a second period from the sec- 
ond instant to a third instant, at which the modified 
interval becomes equal to the smaller interval value. 

1 0. Vehicle spacing control apparatus as claimed in any 
of claims 5 to 9, wherein the actual interval is a spac- 
ing (L) between tne controlled vehicle and a preced- 
ing vehicle, the selected interval is a selected spac- 
ing, and the desired interval is a desired spacing 
(L*) from the controlled vehicle to a preceding vehi- 
cle. 

11. Vehicle spacing control apparatus as claimed in 
claim 10, wherein the control apparatus further 
comprises a vehicle speed sensor (2) and wherein 
the controller (11) determines a modified interval 
(Lo) by modifying the selected interval with the ve- 
hicle speed (V) and further determines the desired 
interval (L*) so that the desired interval follows a 
change in the modified interval (Lo) at the predeter- 
mined rate. 



terval closer to the desired interval (T*; L*). 

15. Vehicle spacing control apparatus comprising: 

means for ascertaining an actual vehicle-to-ve- 
hicle interval from a controlled vehicle to a pre- 
ceding vehicle; 

means for ascertaining a change f rom afirst se- 
lect position to a second select position in a se- 
lector for determining a selected vehicle-to-ve- 
hicle interval; 

means for responding to the change from the 
first select position to the second select position 
in the selector by varying a desired vehicle-1o- 
vehicle interval (T*; L*) at a predetermined rate 
from a first select value, corresponding to the 
first select position, to a second select value, 
corresponding to the second select position; 
and 

means for controlling a longitudinal force acting 
on the controlled vehicle so as to bring the ac- 
tual interval closer to the desired interval (T*; 



12. Vehicle spacing control apparatus as claimed in 
claim 1 1 , wherein the controller (1 1 ) has a predeter- 
mined map for determining the modified interval 
(Lo) from the selected interval and the vehicle 30 
speed (V), and determines a value of the modified 
interval corresponding to values of the selected in- 
terval and the vehicle speed by look up from the 



13. Vehicle spacing control apparatus as claimed in 
claim 5, wherein the actual interval is a spatial in- 
terval (L) between the controlled vehicle and a pre- 
ceding vehicle, the selected interval is a selected 
time interval (To) between the controlled vehicle 40 
and the preceding vehicle, and the desired interval 

is a desired spatial interval (L*) from the controlled 
vehicle to the preceding vehicle. 

14. A vehicle spacing control process comprising: « 

ascertaining an actual vehicle-to-vehicle inter- 
val from a controlled vehicle to a preceding ve- 
hicle; 

ascertaining a selected vehicle-to-vehicle inter- so 
val selected among a plurality of discrete val- 
ues; 

determining a desired vehicle-to-vehicle inter- 
val (T*; L*) in such a manner that the desired 
interval varies at a predetermined rate when the ss 
selected interval is changed; and 
controlling a longitudinal force acting on the 
controlled vehicle so as to bring the actual in- 
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FIG.3 
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FIG.7 
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